Background and aim The association between obstructive sleep apnea (OSA) and abnormal liver enzymes has been reported in multiple studies. The existing literature regarding the relationship between OSA and nonalcoholic steatohepatitis (NASH) is conflicting. Thus we aimed to determine the relationship between OSA and NASH from a large database. Patients and methods A cross-sectional study was performed using the 2012 Nationwide Inpatient Sample. We identified adult patients (18-90 years) who had a diagnosis of OSA using the International Classification of Diseases 9th version codes. The control group was comprised of adult individuals with no discharge records of OSA. NASH diagnosis was also identified using the International Classification of Diseases 9th version codes. The association between OSA and NASH was calculated using univariable and multivariable logistic regression. Results A total of 30 712 524 hospitalizations were included. The OSA group included 1 490 150 patients versus 29 222 374 in the control non-OSA group. The OSA group average age was 61.8 ± 0.07 years (44.2% females) compared with 57.0 ± 0.11 years (60.1% females) in the non-OSA group. NASH prevalence was significantly higher in the OSA group compared with the non-OSA group [2% (95% confidence interval (CI): 1.9, 2.1) vs. 0.65% (95% CI: 0.63, 0.66), P < 0.001]. After adjusting for obesity, diabetes, hypertension, dyslipidemia, the metabolic syndrome and Charlson comorbidity index, OSA patients were three times more likely to have NASH [adjusted odds ratio: 3.1 (95% CI: 3.0-3.3), P < 0.001]. Conclusion Patients with OSA are three times more likely to have NASH compared with patients without OSA after controlling for other confounders. These data indicate that OSA should be considered as an independent risk factor for developing NASH.
Introduction
Chronic liver disease is the 12th leading cause of death in the USA according to the national vital statistics report [1] and nonalcoholic fatty liver disease (NAFLD) is considered the most common cause of abnormal liver function tests among adult population in the USA [2] . NAFLD includes nonalcoholic fatty liver which is predominantly a benign nonprogressive condition caused by fat accumulation in the liver with a prevalence of ∼ 30% in the USA [3] . Nonalcoholic steatohepatitis (NASH) is the more serious type caused by fat accumulation associated with hepatic necroinflammation [4, 5] . Biopsy proven NASH has prevalence as high as 22% in the USA [6] with a progression to cirrhosis in up to 15% of patients [7, 8] .
NASH is also considered the most rapidly growing indication for liver transplantation in the USA with nearly fourfold increase since 2002 [9] . It is known to be associated with insulin resistance and various metabolic factors such as type 2 diabetes, dyslipidemia, and obesity [4, 10] .
Emerging data are conflicting regarding the association between obstructive sleep apnea (OSA) and NASH. However, some studies have reported an association between OSA and NASH in patients undergoing bariatric weight loss surgery [11, 12] , the results of other studies have been inconsistent [13] [14] [15] [16] . Consequently, the certainty of OSA being an independent risk factor for the development of NASH remains unclear. Summary of recent clinical trials with their findings are shown in Table 1 .
Giving this controversy in the literature, we aimed to use a large national database to investigate the association between OSA and NASH.
Patients and methods

Data source
This cross-sectional study was conducted using the 2012 National Inpatient Sample (NIS). The NIS is the largest allpayer inpatient database in the USA and contains a sample of over seven million inpatient admissions, which represent an ∼ 20% sample of discharges from all community hospitals participating in the Healthcare Cost and Utilization Project (HCUP). It excludes rehabilitation and long-term acute care hospitals. The data includes primary and secondary diagnoses up to 25 and primary and secondary procedures up to 15. In addition, it contains the patient demographics, discharge status, length of stay, disease severity, and comorbidity measures. The principal diagnosis in these patients is defined, according to HCUPnet, as 'the condition established after study to be chiefly responsible for occasioning the admission of the patient to the hospital for care. The principal diagnosis is always the reason for admission'. Hence, the diagnosis of OSA and NASH should be reliable in this study.
Study population, inclusion, and exclusion criteria
Data on hospital admissions of all adult patients 18-90 years old was extracted from the 2012 NIS. We divided discharges into two groups. The study group was identified using the International Classification of Diseases 9th version (ICD-9) code for OSA. The rest of patients with no discharge diagnosis of OSA were considered the control group. ICD-9 codes were also used to identify all patients with a diagnosis of NASH in both the control and study groups. Comorbidities of interest were defined by querying all diagnostic and procedural fields for the corresponding ICD-9 codes. Table 2 shows all ICD-9 diagnostic codes used for patient selection.
Study variables
The HCUP comorbidity software was used to generate Elixhauser comorbidities from ICD-9 diagnosis codes. The Deyo modification of the Charlson comorbidity index (CCI) was used to define severity of comorbid conditions. CCI ranges from 0 to 17, with higher numbers representing a greater comorbidity burden. Comorbid conditions were recorded if they were listed among the diagnoses for the hospitalization. All available demographic data, patients' age, sex, race, CCI, Elixhauser's comorbidities and the other relevant comorbidities were extracted ( Table 3) . Of the included variables, race was the factor with most missing data (5%) as certain states do not document race in the discharge information; we included this as a separate category under said variable. In addition, sex was missing for 0.007% of participants; these observations were dropped from the final multivariable analysis if said variables were included.
Statistical analysis
Data are presented as mean SE for continuous variables or weighted frequency (percentage) for categorical factors. A univariable analysis was performed to assess differences between participants with and without OSA; continuous variables were compared using t-tests and categorical variables were compared using Rao-Scott χ 2 -tests. In addition, univariable and multivariable logistic regression analysis was performed to assess the association between OSA and NASH; NASH was modeled as the outcome with OSA as the independent variable. The following variables were also included as independent predictors in the multivariable model: obesity, diabetes, hypertension, dyslipidemia, metabolic syndrome, and CCI. All analyses were performed using SAS survey procedures (version 9.4; The SAS Institute, Cary, North Carolina, USA), which account for the complex sampling design of NIS and appropriately weight participants in statistical models. A P value less than 0.05 was considered statistically significant.
Results
Our study nationwide cohort included 30 712 524 hospitalizations. Of these, 1 490 150 patients were identified in the OSA group (the study group) and 29 222 374 in the control non-OSA group.
Univariable comparison
As shown in Table 3 , the OSA group patients were significantly older (61.8 0.07 years) and were more likely to be male (55.8% males) as compared with the non-OSA control group patients who were younger (57.0 0.11 years) and more likely to be female (60.1%) (P < 0.001). The prevalence of obesity and the metabolic syndrome were also higher in the OSA group compared Association com with the non-OSA control group (P < 0.001); as 50% of the patients in the OSA group were obese and 0.8% had a diagnosis of metabolic syndrome compared with 9.8% obese patients and 0.1% patients with metabolic syndrome in the control non-OSA group. The OSA group had a higher prevalence of diabetes and hypertension compared with non-OSA control group (49.2 vs. 23.2%, P < 0.001) and (53.3% vs. 38.1%, P < 0.001), respectively. Dyslipidemia was present in 41.7% of OSA patients compared with 23.1% of control non-OSA patients (P < 0.001). The prevalence of NASH in participants with OSA was 2% (95% CI: 1.9, 2.1) compared with 0.65% (0.63, 0.66) in participants without OSA (P < 0.001) (Fig. 1) . The control non-OSA patients had higher prevalence of esophageal varices compared with OSA group (0.45 vs. 0.29%, P < 0.001). The same results were found when comparing the prevalence of hepatic encephalopathy between non-OSA and OSA patients (0.46 vs. 0.40%, P < 0.001). The prevalence of thrombocytopenia and ascites was higher in the non-OSA control group compared with the OSA group (0.68 vs. 0.60%, P < 0.001) and (1.2 vs. 0.88%, P < 0.001), respectively. OSA patients had a significant higher prevalence of NASH compared with non-OSA group (odds ratio: 1.55; 95% CI: 1.4-1.5; P < 0.001).
Multivariable comparison
After adjusting for obesity, diabetes, hypertension, dyslipidemia, metabolic syndrome, and CCI, patients with OSA were three times more likely to have NASH than those without OSA (adjusted odds ratio: 3.1; 95% CI: 3.0-3.3; P < 0.001) (Fig. 2 ).
Discussion
Our study from a large national inpatient database showed that OSA patients are three times more likely to have NASH compared with patients without OSA after controlling for other confounding factors including obesity, hypertension, diabetes, dyslipidemia, metabolic syndrome, and the CCI. OSA is a growing concern; particularly in regards to the ongoing debate as to OSA being an independent risk factor for developing NASH. Only a few prior trials have reported OSA as a risk factor for developing NASH [11, 12] . In contrast, a few studies reported this association as a coincident rather than a significant correlation [13] [14] [15] [16] . Of note, another study suggested that severe OSA might be a risk factor for NASH regardless of the patients' body weight, which is similar to our study finding [17] .
The rationale behind the progression of NAFLD to NASH is not completely understood as only a percentage of hepatic steatosis cases progress to NASH [18] , whereas other cases of steatosis progress to end stage liver disease [19] . Recent studies have suggested that OSA may influence the progression of hepatic steatosis to NASH. Induced chronic intermittent hypoxia (CIH) resembling OSA in both animal and human studies showed evidence of hepatocyte injury [20, 21] . CIH increases lipolysis, oxidative stress, and up regulates hypoxia inducible factor 1, which may increase hepatic steatosis, induce necroinflammation and fibrogenesis. Likewise, many cases of ischemic hepatitis have been reported in OSA patients, in whom the liver hypoxia was felt to be caused by underlying OSA [22, 23] . Nonetheless, OSA treatment with nasal continuous positive airway pressure showed a decrease in the serum levels of aminotransferases [24] . Additional study reported association between CIH and NAFLD activity score after adjustment for age, obesity, and insulin resistance [25] . One study reported that there is no correlation between the severity of OSA and NASH severity [15] . Our study could not confirm or contradict this concept because of the limitation in the ICD-9 codes which is considered one of our study limitations.
Multiple therapies have been studied for the treatment of NASH [24] , weight loss has shown histologic improvement in NASH patients [26] . One study showed that CPAP therapy for OSA has shown evidence of improvement in blood pressure and partial reversal of other metabolic factors [27] . The administrative nature of our study database lacks the ability to determine the effect of OSA treatment on NASH regression which is considered one of the weaknesses in this study; further studies are needed to investigate the effect of OSA treatment in preventing NASH and even reversing it.
There are several strengths of the current study. Our data are obtained from a very large database, which represents a large segment of the US population. This allowed us to determine that OSA is an independent risk factor for NASH, which is important since OSA and NASH share multiple comorbidities. Our study also has some limitations. NIS cannot specify if the diagnosis of NASH was biopsy proven or based on imaging studies. NIS cannot provide clinical information about specific medication use or laboratory results for each individual. In addition, NIS relies on the accuracy of clinical data and validity of medical diagnoses, which might be different between individuals and facilities. In addition, the outpatients' exclusion and inpatients' inclusion could lead to more sick individuals in the data, which might affect the generalizability of the results. On the other hand, exclusion of academic hospitals by the database could potentially exclude patients with more complex disease. Our like most published studies could not determine the severity of OSA, which has been suggested to be an important that impact the severity of liver injury.
Conclusion
This large nationwide database study strongly supports the role of OSA as an independent risk factor for NASH with a threefold higher prevalence of NASH in patients with OSA. Further studies are needed to explore the possible etiologies and determine if OSA is a modifiable treatment that could both decrease the progression and possibly reverse disease severity in patients with NAFLD.
